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MISSION OVERVIEW

This is the fourth space shuttle flight of 1996, the 11th flight of
Endeavour, and the 77th mission for the space shuttle.

The flight crew for the ten-day STS-77 mission is commander
John H. Casper, pilot Curtis L. Brown Jr., and mission specialists
Daniel W. Bursch, Mario Runco Jr., Andrew S. W. Thomas, and

Marc Garneau, a Canadian astronaut. The crew will work a single
shift.

PRIMARY OBJECTIVES

Endeavour will be carrying three primary payloads on this mis-
sion: SPACEHAB-4, the SPARTAN 207 free-flying satellite, and

four Technology Experiments for Advancing Missions in Space, or
TEAMS.

This is the fourth flight for SPACEHAB, a pressurized labora-
tory in the orbiter’s payload bay designed to support orbiter middeck
experiments. The SPACEHAB complement of experiments
includes 12 commercial space product development payloads in the
areas of biotechnology, electronic materials, polymers, and agricul-

ture as well as several experiments for other NASA payload orga-
nizations.

Among the SPACEHAB experiments are a study of advanced
techniques for separating organic materials that may lead to
improved medical products, investigations of various methods of
growing high-quality crystals and gas-permeable membranes for
use in contact lenses, an evaluation of tissue loss, and a study of plant
growth. Many of the investigations are continuations of experiments
that flew on previous shuttle missions.

The Goddard Space Flight Center’s Shuttle Pointed Autono-
mous Research Tool for Astronomy (SPARTAN) satellite will be
used to deploy and test an inflatable antenna. The experiment will
lay the groundwork for the future development of inflatable space
structures. SPARTAN will be deployed from the orbiter with the
inflatable antenna attached for a 90-minute evaluation of the infla-
tion and performance of the antennna. After the testing is complete,
the antenna will be jettisoned and SPARTAN will be retrieved by the
shuttle crew and returned to Earth.

The TEAMS payload consists of four experiments mounted on
a Hitchhiker carrier in the payload bay. The Vented Tank Resupply
Experiment will test improved methods of in-space refueling. The
Global Positioning System Attitude and Navigation Experiment will
determine how accurate the attitude information provided to space
vehicles by the GPS constellation of satellites is. The Liquid Metal
Thermal Experiment will evaluate the performance of liquid metal
heat pipes. The Passive Aerodynamically Stabilized Magnetically
Damped Satellite will be deployed from the orbiter to demonstrate
aerodynamic stabilization in the upper aimosphere.

SECONDARY OBJECTIVES

The Aquatic Research Facility is a joint project of NASA and
the Canadian Space Agency that will be used to study a wide range
of small aquatic animals. Scientists will be able to use the facility to
study fertilization, embryo formation, development of calcified
tissue, and feeding behavior. This is the first flight of ARF.

The Brilliant Eyes Ten-Kelvin Sorption Cryocooler Experiment
will seek to demonstrate that sorption coolers, which can quickly
cool sensors to near absolute zero, can operate in the absence of
gravity. Sorption coolers have practically no vibration, which inter-

feres with pointing accuracy, and can operate reliably for more than
ten years.



The Biological Research in Canisters payload, which carries
investigations of the effects of space flight on small anthropod ani-
mals and plants, has flown on many shuttle missions. On this mis-
sion, BRIC will study pupae of the tobacco homworm to clarify the
mechanisms involved in the insect’s endocrine system. Researchers
hope this study will aid their study of endocrine systems in general,
particularly those of humans in space.

Endeavour will also be carrying 12 getaway special payloads in

the payload bay. These self-contained experiments include inves-
tigations of gamma ray bursts, the effects of high-energy particles on
memory devices, the heat transport mechanism of boiling, and the
processes involved in the formation of glass melts.

Nine development test objectives and eight detailed supplemen-
tary objectives are scheduled to be flown on STS-77.



MISSION STATISTICS

Vehicle: Endeavour (OV-105), 11th flight, 108th U.S. human space
flight

Launch Date/Time:
5/19/96 6:30 a.m., EDT (day)
5:30 a.m., CDT
3:30 a.m., PDT

The original target date of May 16 was not available on the eastern
range schedule.

Launch Site: Kennedy Space Center (KSC), Fla—Launch Pad
39B

Launch Window: Two hours, 30 minutes (crew-on-back
constraint)

Launch Period: Four hours. The launch period opens on the sun-
rise-at-KSC constraint and closes on the four-hour range constraint.

Mission Duration: 10 days, 37 minutes

The nominal duration is nine days. A highly desirable additional
day cannot be guaranteed due to consumables but may be achiev-
able. Planning will accommodate the longer duration wherever
appropriate. The additional day will provide a second PAMS-STU
stationkeeping opportunity.

The capability will be provided for two additional days for contin-
gency operations and weather avoidance.

Landing: Nominal end-of-mission landing on orbit 161
5/29/96 7:07 am., EDT (day)

6:07 am., CDT

4:07 am., PDT

Runway: Nominal end-of-mission landing on runway 15, KSC,
Fla.; altemnates are Edwards Air Force Base (EAFB), Calif., and
Northrup Strip (NOR), White Sands, N.M.

Transatlantic Abort Landing: Ben Guerir, Morocco; alternates:
Moron, Spain, and Zaragoza, Spain

Return to Launch Site: KSC

Abort-Once-Around: KSC; altemate: EAFB

Inclination: 39 degrees

Ascent: The ascent profile for this mission is a direct insertion.
Only one orbital maneuvering system thrusting maneuver, referred
to as OMS-2, is used to achieve insertion into orbit. This direct-in-
sertion profile lofts the trajectory to provide the earliest opportunity
for orbit in the event of a problem with a space shuttle main engine.

The OMS-1 thrusting maneuver after main engine cutoff plus
approximately two minutes is eliminated in this direct-insertion
ascent profile. The OMS-1 thrusting maneuver is replaced by a
5-foot-per-second reaction control system maneuver to facilitate the
main propulsion system propellant dump.

Altitude; 153 nautical miles (176 statute miles)



Primary Attitude: Various

Scheduled EVA: None

Crew provisions will support the performance of three two-crew
member EVAs to accomplish the following unscheduled and con-
tingency EVA requirements:

¢ Perform a contingency EVA to position the Ku-band antenna
for stowing

e Perform a contingency EVA to close and/or latch the payload
bay doors

s Perform an RMS contingency EVA to do an RMS joint align-
ment, an RMS shoulder brace release, an RMS tiedown, an
MPM deployment and an MPM stow

¢ Perform one unscheduled EVA to retrieve and/or stow SPAR-
TAN 207. An EVA may be performed to deploy SPARTAN 207
if a second EVA will not be required to retrieve/stow.

e Perform a contingency EVA to release/jettison SPARTAN 207
from the release/engage mechanism or SPARTAN 207/REM
combination from the mission-peculiar equipment

e Perform a contingency EVA to disconnect the RMS end effec-
tor from SPARTAN 207

Payload Deployments: Shuttle Pointed Research Tool for Astron-
omy (SPARTAN) 207/Inflatable Antenna Experiment (IAE);
Technology Experiments Advancing Missions in Space
(TEAMS)/Passive Aerodynamically Stabilized Magnetically
Damped Satellite (PAMS) Satellite Test Unit (STU)

SPARTAN 207/1AE deployment is scheduled on orbit 17 at MET
1/00:59.

TEAMS/PAMS-STU deployment is scheduled on orbit 48 at MET
2/22:48.

Payload Retrievals:

SPARTAN 207/IAE retrieval is scheduled on orbit 35 at MET
2/04:25.

Rendezvous:

TEAMS/PAMS-STU rendezvous on flight days 4 and 7 and, if on-
orbit consumables allow, flight day 8

Space Shuttle Main Engine Thrust Level During Ascent: 104
percent

Space Shuttle Main Engine Locations:

No. 1 position: Engine 2037*

No. 2 position: Engine 2040*

No. 3 position: Engine 2038*

*Block I SSME
STS-77 is the first mission to fly three Block I SSMEs
External Tank: ET-78
Solid Rocket Boosters: BI-080
Redesigned Solid Rocket Motors: RSRM-047
Mobile Launcher Platform: 1

Cryo Tank Sets: 5 (fully loaded)

Software: OI-24 (ninth flight)



Editor’s Note: The following weight data are current as of May 15,
1996:

Total Lift-off Weight: Approximately 4,518,947 pounds

Orbiter Weight, Including Cargo, at Lift-off: Approximately
254,538 pounds

Orbiter (Endeavour) Empty and 3 SSMEs: Approximately
174,766 pounds

Payload Weight Up: Approximately 26,971 pounds
Payload Weight Down: Approximately 26,149 pounds

Orbiter Weight at Landing: Approximately 221,382 pounds

Payloads—Payload Bay (* denotes primary payloads): Shuttle
Pointed Research Tool for Astronomy (SPARTAN) 207/Inflatable
Antenna Experiment (IAE);* Technology Experiments Advancing
Missions in Space (TEAMS) 01 (TEAMS experiments include
Vented Tank Resupply Experiment [VTRE], Global Positioning
System [GPS] Attitude and Navigation Experiment {GANE] [RME
1316}, Liquid Metal Test Experiment [LMTE] and Passive Aerody-
namically Stabilized Magnetically Damped Satellite [PAMS] Satel-
lite Test Unit [STU]);* SPACEHAB-4; Brilliant Eyes Ten-Kelvin
Sorption Cryocooler Experiment (BETSCE); 12 getaway specials
attached to a GAS bridge assembly (GAS 056, 063, 142, 144, 163,
200, 490, 564, 565, 703, 741 and the Reduced-Fill Tank Pressure
Control Experiment [RFTPCE])

Payloads—Middeck: Aquatic Research Facility (ARF) 01; Bio-
logical Research in Canisters (BRIC) 07, Block 111

Flight Crew Members:

Commander: John H. Casper, fourth space shuttle flight

Pilot: Curtis (Curt) L. Brown, Jr., third space shuttle flight

Mission Specialist 1: Andrew (Andy) S. W. Thomas, first space
shuttle flight

Mission Specialist 2: Daniel (Dan) W. Bursch, third space
shuttle flight

Mission Specialist 3: Mario Runco, Jr., third space shuttle
flight

Mission Specialist 4: Marc Gameau, Canadian Space Agency,
second space shuttle flight

Work Shift: Single shift
Ascent and Entry Seating:

Ascent:

Flight deck, front left seat, commander John H. Casper
Flight deck, front right seat, pilot Curtis (Curt) L. Brown, Jr.
Flight deck, aft center seat, mission specialist Daniel
(Dan) W. Bursch
Flight deck, aft right seat, mission specialist Andrew
(Andy) S. W. Thomas
Middeck, mission specialist Mario Runco, Jr.

Middeck, mission specialist Marc Gamneau, Canadian Space
Agency

Entry:

Flight deck, front left seat, commander John H. Casper
Flight deck, front right seat, pilot Curtis (Curt) L. Brown, Jr.
Flight deck, aft center seat, mission specialist Daniel

(Dan) W. Bursch

Flight deck, aft right seat, mission specialist Marc Garneau,
Canadian Space Agency



Middeck, mission specialist Andrew (Andy) S. W. Thomas
Middeck, mission specialist Mario Runco, Jr.

Extravehicular Activity Crew Members, if Required:

Extravehicular (EV) astronaut 1: mission specialist Mario
Runco, Jr.

EV2: mission specialist Daniel (Dan) W. Bursch

Intravehicular Astronaut: Pilot Curtis (Curt) L. Brown, Jr.

RMS Operators: Mission specialists Marc Gameau, Canadian

Space Agency, Mario Runco, Jr; and Andrew (Andy) S. W.
Thomas (backup)

Entry: Automatic mode until subsonic, then control stick steering

Flight Directors:

Ascent/Entry: Rich Jackson

Orbit 1: Bryan Austin

Orbit 2/Lead: Wayne Hale

Planning: Linda Ham
Notes:

¢ Among the equipment installed on Endeavour are the EDO
nitrogen mission kit, middeck utility panel, port provisions
stowage assembly, fifth cryo tank set, payload data interface
panel, spare payload data interleaver, remote manipulator sys-
tem and RMS display and control equipment, spare manipula-
tor controller interface unit, TV interface panel, regenerable
carbon dioxide removal system and lithium hydroxide canisters
for minimum-duration flight plus two days, tools for the ren-
dezvous and docking system, five aft flight deck stowage con-
tainers, 1,474 pounds of hard ballast located in the aft fuselage,

and nine additional payload and general support computers
above the core.

The middeck accommodations rack and treadmill are not
installed on Endeavour for this mission.

Drag chute deployment will be per nominal flight rules unless
the crosswind DTO is likely to be performed. If it is, drag chute
deployment will be delayed until after nose gear touchdown to
allow for pilot handling evaluation of the orbiter alone without
any complications that drag chute dynamics may induce. For
STS-77, the nominal touchdown speed is 205 KEAS in all cases
with derotation performed using the beep trim switch at 185 kgs
or manually (if beep trim fails) at 175 kgs (185 kgs on Edwards
lakebed runway). Drag chute nominal deployment is immedi-
ately before the initiation of derotation. However, the drag
chute DTO program has cleared drag chute deployment as early
as 15 kgs before the initiation of derotation.

Four tiles coated with toughened unipiece fibrous insulation
(TUFI) are installed on Endeavour’s carrier panel above win-
dow 3 to demonstrate the durability of TUFI coating in the
orbiter flight/operational environment. TUFI was developed by
Rockwell’'s Space Systems Division in conjunction with
NASA’s Ames Research Center.

STS-77 will mark the first ascent controlled from JSC’s new
Mission Control Center (White Flight Control Room).

Four rendezvous activities will be conducted during STS-77—a
one-flight shuttle record.

STS-77 will include the most stationkeeping time in shuttle
program history.

STS-77 is the first use of the SPARTAN payload for other than
astronomy purposes.



STS-77 is the first flight of three Block I space shuttle main
engines.

This is Endeavour’s last flight before its first scheduled orbiter
maintenance down period, which will be performed at
Rockwell’s Orbiter Maintenance and Manufacturing Facility in
Palmdale, Calif. Endeavour is scheduled to be at the Rockwell
facility for eight months for a complete structural inspection

and numerous modifications and upgrades, including work to
prepare it for its next mission, STS-88: the first space station
assembly flight, currently scheduled for December 1997.

NASA Television is available through Spacenet-2, Transponder
5, Channel 9, located at 69 degrees west longitude with hori-

zontal polarization. The frequency is 3880.0 Mhz; audio is
6.8 Mhz.






MISSION OBJECTIVES

Primary objectives

— Payload bay

Deployment, on-orbit operation and retrieval of the
Shuttle Pointed Research Tool for Astronomy (SPAR-
TAN) 207/Inflatable Antenna Experiment (IAE).

Technology Experiments Advancing Missions in
Space (TEAMS) 01 operations [includes Vented Tank
Resupply Experiment (VTRE), Global Positioning
System (GPS) Attitude and Navigation Experiment
(GANE) (RME 1316), Liquid Metal Test Experiment
(LMTE) and deployment, stationkeeping and observa-
tions of the Passive Aerodynamically Stabilized

Magnetically Damped Satellite (PAMS)—Satellite
Test Unit (STU)] ‘

SPACEHAB-04 operations

Secondary objectives

— Payload bay

Brilliant Eyes Ten-Kelvin Sorption Cryocooler Experi-
ment (BETSCE) operations

Operation of 12 getaway specials (GASs) attached to a
GAS bridge assembly (GBA) [including the Reduced-
Fill Tank Pressure Control Experiment (RFTPCE)]

— Middeck

Aquatic Research Facility (ARF) 01 operations

Biological Research in Canisters (BRIC) 07, Block 111
operations

Nine development test objectives and eight detailed supple-
mentary objectives






Commander: John H. Casper
s Overall mission decisions
*  Orbiter—rendezvous
s DSOs*
Pilot: Curtis (Curt) L. Brown, Jr.
*  Orbiter—rendezvous
e Payload—GAS*
¢ DSOs

e Other—IV

STS-77 CREW ASSIGNMENTS

Mission Specialist 2: Daniel (Dan) W. Bursch
¢  Orbiter—rendezvous*
e Payload—TEAMS (PAMS-STU)*
e Other—EV2

Mission Specialist 3: Mario Runco, Jr.

¢ Payload—SPARTAN/IAE,* TEAMS (including
PAMS-STU)

e  Other—Earth observations, EV1, RMS
Mission Specialist 4: Marc Garneau, Canadian Space Agency

¢ Payload—SPACEHAB-4,* secondaries,* GAS

e Other—RMS

Mission Specialist 1: Andrew (Andy) S. W. Thomas

o Payload—SPACEHAB-4, SPARTAN/IAE,

TEAMS,* secondaries

¢ Other—Earth observations,* RMS*

11



NASA photo

STS-77 crew members are (from left) mission specialist Dan Bursch, pilot Curt Brown (seated), mission specialists Mario Runco
and Marc Garneau, commander John Casper (seated), and mission specialist Andrew Thomas .
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FLIGHT ACTIVITIES OVERVIEW

Flight Day 1

Launch

OMS-2 bum

Payload bay doors open
Unstow cabin
SPACEHARB activation
RMS checkout

Flight Day 2

SPACEHAB operations
Rendezvous tool checkout
SPARTAN deploy

IAE inflation and jettison
Separation maneuvers

Flight Day 3

SPARTAN rendezvous and retrieval
SPACEHAB operations

Flight Day 4

SPACEHAB operations
PAMS-STU ejection, initial separation and observations

Flight Day 5§

SPACEHAB operations
TEAMS operations
PAMS-STU rendezvous maneuvers

Flight Day 6

TEAMS operations
SPACEHAB operations
Off-duty time

Flight Day 7

PAMS-STU rendezvous and stationkeeping
Separation maneuver
SPACEHAB operations

Flight Day 8

PAMS-STU rendezvous, stationkeeping and final separation

(performed if mission is extended to ten days)
SPACEHAB operations

Flight Day 9

TEAMS operations
SPACEHAB operations
Educational activities
Crew press conference

Flight Day 10

TEAMS operations
SPACEHAB operations
FCS checkout

RCS hot fire

Cabin stow

13



Flight Day 11

SPACEHAB deactivation
Deorbit preparations
Deorbit bum

Entry

KSC landing

Notes:

Each flight day includes a number of scheduled housekeeping
activities. These include IMU alignment, supply water dumps
(as required), waste water dumps (as required), fuel cell purge,
Ku-band antenna cable repositioning, and a daily private medi-
cal conference.

14



DEVELOPMENT TEST OBJECTIVES/DETAILED SUPPLEMENTARY OBJECTIVES

DTOs

Ascent structurai capability evaiuaiion (DTO 301D)
Ascent compartment venting evaluation (DTO 305D)
Entry compartment venting evaluation (DTO 306D)
Entry structural capability evaluation (DTO 307D)

ET TPS performance, methods 1 and 3, no maneuvers per-
formed (DTO 312)

Water spray boiler electrical heater capability (DTO 415)
Water spray boiler quick restart capability (DTO 416)

Global Positioning System development flight test (DTO
700-8)

Crosswind landing performance (DTO of opportunity) (DTO
805)

DSOs

» Interaction of the space shuiiie launch and eniry suit and sus-
tained weightlessness on egress locomotion (DSO 331)

« Immunological assessment of crew members (DSO 487)

o Characterization of microbial transfer among crew members
during spaceflight (DSO 491)

e Monitoring latent virus reaction and shedding in astronauts
(DSO 493)

¢ Educational activities (DSO 802)
e Documentary television (DSO 901) 15

¢ Documentary motion picture photography (DSO 902)

» Documentary still photography (DSO 903)






STS-77 PAYLOAD CONFIGURATION

TEAMS
SPARTAN 207/1AE
BETSCE

SPACEHAB-4

SPARTAN 207/|AE
GAS Bridge

BETSCE TEAMS

BRIC.07 ~ | \ \ /
- £ %Eﬁ] \

C T T T T T T 1T 1111

MTD 960514-5626






SPACEHAB-4

Early in the shuttle program, it became evident that the orbiter
middeck is the best place to conduct crew-tended experiments in
space. Each shuttle orbiter has 42 middeck lockers but most are used
to stow crew gear for a typical seven-day mission, leaving only
seven or eight for scientific studies. But SPACEHAB, the first crew-
tended commercial payload carrier, has initiated a new era of space
experimentation.

The SPACEHAB module, which takes up a quarter of the orbit-
er’s payload bay, is like a second middeck. The 10-foot-long pres-
surized module adds 1,100 cubic feet of pressurized work space that
can hold 61 lockers or experiment racks or acombination of the two.
The lockers are sized and equipped like those in the shuttle middeck
so that experiments can be moved from one location to the other. The
lockers accommodate up to 60 pounds of experiment hardware in
about 2 cubic feet. A rack, which can be single or double, takes the
space of ten lockers. Double racks are similar in size and design to
those planned for the space station so that they can serve as test beds

for future projects. A single rack can carry 625 pounds of hardware
in 22.5 cubic feet.

The astronauts enter the module through a modified Spacelab
tunnel adapter. SPACEHAB can accommodate two crew members
on a continuous basis, but additional crew members can work in the
module for brief periods. Power, command and data services, cool-

ing, vacuum, and other utilities are supplied by orbiter crew cabin
and payload bay resources.

SPACEHAB was privately developed and is privately operated
by SPACEHARB, Inc., of Arlington, Va. NASA has agreed to lease
two thirds of the module’s space for the first six flights, which are
expected to occur twice a year. Eight SPACEHAB missions have
been listed on the shuttle manifest so far. Both SPACEHAB, Inc. and

NASA hope that commercial interests will also begin to lease
experiment space.

STS-77 is the fourth flight of SPACEHAB under this lease
arrangement. It will carry ten commercial space product develop-
ment payloads in the areas of biotechnology, electronic materials,
polymers and agriculture in addition to experiments for other NASA
organizations. The SPACEHAB single module will carry nearly
3,000 pounds of experiments and support equipment.

The first flight of the SPACEHAB research laboratory was on
STS-57 in June 1993. All systems operated as expected, and the
21 NASA-sponsored experiments met more than 90% of the criteria
for mission success. SPACEHAB-2 was flown on STS-60 in Febru-
ary 1994 and carried 13 experiments. More than 20 experiments

were performed as part of SPACEHAB-3 on STS-63 in February
1995.

In March 1996, SPACEHAB was part of the STS-76 mission to
the Russian space station Mir. The laboratory carried 37 materials
processing, microgravity, Earth sciences, biology, life sciences, and
Intemational Space Station risk mitigation experiments. STS-76
was the first of a series of shuttle-Mir missions on which the orbiter
will carry a SPACEHAB module. The modules will be used to trans-
port supplies and scientific equipment to and from Mir as well as for

conducting experiments.
SPACEHAB-4 EXPERIMENTS

Advanced Separation Process for Organic Materials

The separation, purification, and classification' of cells limit
biomedical research and the development of pharmaceutical drugs.
ADSEP, sponsored by the Consortium for Materials Development in

19
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Space at the University of Alabama in Huntsville and developed by
Space Hardware Optimization Technology Inc., is designed to
improve separation capabilities for terrestrial commercial applica-
tion to medical products and microgravity research. This mission
will focus on understanding the effects of gravity on the manufac-
ture of recombinant hemoglobin products. This investigation may
have a significant effect on blood transfusion products by permitting
the transfusion of hemoglobin rather than whole blood to reduce
complications such as blood rejection, the transmission of infectious
diseases, and blood contamination in areas without suitable storage.

Commercial Generic Bioprocessing Apparatus

The Commercial Generic Bioprocessing Apparatus (CGBA) is
a generic research tool that supports life sciences research in
biophysics, cellular biology, developmental ‘biology, and
physiology. It is sponsored by NASA’s Office of Advanced Con-
cepts and Technology and developed by BioServe Space Technolo-

21
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gies, a NASA Center for the Commercial Development of Space
(CCDS) at the University of Colorado.

The CGBA is a secondary payload that serves as the housing,
incubator, and data collection point for BioServe's fluids processing
apparatuses (FPAs), multichambered devices that permit fluids to be
mixed in space. The CGBA payload can meet a wide variety of
experimenters’ needs: it allows investigations of a variety of molec-
ular, cellular, tissue, and small animal and plant systems. It has also
been exceptionally reliable: quality sample and data retum rates on
previous flights have exceeded 99%.

For this flight, the CGBA will contain four temperature-
controlled lockers holding 272 experiments. A number of specific
commercial objectives will be pursued in partnership with several of
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Bioserve's industrial affiliates. These include an evaluation of the

pharmaceutical production of bacterial and fungal systems, crystal-
lization of oligonucleotides-RNA to gain 3-D structural information
for drug design for use in AIDS research, administration of a
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proprietary chemical to enhance bone marrow macrophage differ-
entiation, and tests of a proprietary cell growth inhibitor for use in
cancer research.

Flight Hardware. The payload hardware has three major
elements: GBA II, a commercial refrigerator/incubator module
(CRIM), and a stowage locker. GBA Il is stowed in a single middeck
locker space and requires 28 volts direct current (Vdc). Stowage is
mission specific. For temperature-controlled stowage, the CRIM
and a middeck locker supplying 28 Vdc are used. For ambient stow-
age, a middeck locker is used.

The CGBA can have three different hardware combinations.
Configuration A consists of the GBA Il module plus the CRIM and
the middeck stowage locker, configuration B consists of the GBA 11
module and the CRIM, and configuration C consists of the GBA Il
module and the middeck stowage locker. Biological samples are

stowed in the CRIM and/or lockers both before and after processing
in the GBA II.

The GBA Il is a self-contained mixing and heating module in
which biological fluid samples are processed in microgravity. Up to
120 fluid samples contained in glass syringe with Lexan sheaths are
stored in either the CRIM or a middeck locker. These fluids are
manually mixed in the syringe and transferred to a sample
containment vial that is then heated and incubated. At the end of the
incubation period, the fluid vials are retumed to the CRIM or the
stowage locker.

Crew activities consist of mixing samples, incubating samples
in the GBA 11, transferring data to the payload and general-support
computer, and photographing fluid samples.

The CGBA consists of 152 FPAs packaged in 19 group activa-
tion packs (GAPs). FPAs are multipurpose fluid mixing devices in
which individual experiments are conducted. Each GAP houses a

suite of eight FPAs that can be operated simultaneously. Nine of the
GAPs are operated manually, and ten are automated, motor-driven
types. The FPAs contain biological sample materials that are mixed
in orbit to begin and end an experiment.

In the FPA, sample materials are contained inside a glass barrel
that has rubber stoppers to separate three chambers. For each inves-
tigation, the chambers will contain precursor, initiation, and ter-
mination fluids. The loaded glass barrel is covered with a plastic
sheath that protects the glass from breakage and serves as a second
level of sample fluid containment.

The FPAs are operated by a plunger mechanism that is
depressed in orbit, causing the chambers of precursor fluid and the
stoppers to move forward inside the glass barrel. When a stopper
reaches an indentation in the glass barrel, initiation fluid from the
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second chamber is injected into the first chamber, activating the bio-
logical process.

Once processing is complete, the plunger is again depressed
until the termination fluid in the third chamber is injected across the
bypass in the glass barrel into the first chamber. This preserves the
sample materials for retum to Earth and detailed analysis.

The GAP consists of a 4-inch-diameter plastic cylinder and two
aluminum endcaps. Eight FPAs are located around the inside cir-
cumference of the GAP cylinder. A crank extends into one end of the
GAP and attaches to a metal pressure plate. Rotating the crank

advances the plate and depresses the eight FPA plungers
simultaneously.

On-Orbit Operations. Upon reaching orbit, the crew initiates
the various investigations by attaching a crank handle to each GAP.
Tumning the crank causes an intemnal plate to advance and push the
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plungers on the contained FPAs. This action causes the fluids in the
forward chambers of each FPA to mix.

The crew terminates the investigations in a similar manner.
Attaching and tuming the GAP crank further depresses the FPA
plungers, causing the fluid in the rear chamber to mix with the pro-
cessed biological materials. This fluid typically stops the process or
“fixes” the samples for retumn to Earth in a preserved state. Each
GAP is terminated at a different time during the mission. In this
manner, sample materials can be processed for as little as one hour
to nearly the entire duration of the mission.

Automated versions of the GAPs can be used if no crew moni-
toring is required.

For most of the investigations, simultaneous ground controls
are run. Using identical hardware and sample fluids and materials,
ground personnel can activate and terminate FPAs in parallel with
the flight crew. Synchronization is based on indications from the
crew that specific GAPs are being operated.

Plant Generic Bioprocessing Apparatus

The Plant Generic Bioprocessing Apparatus (PGBA) will be
flown for the first time on STS-77. The commercial goal is to inves-
tigate the change in the production of secondary metabolites in
microgravity.

This two-locker plant growth chamber was developed by Bio-
Serve Space Technologies in collaboration with the Wisconsin Cen-
ter for Automation and Robotics at the Unversity of Wisconsin Mad-
ison. Commercial affiliates are Bristol-Myers Squibb, Georgia
Pacific, Dean Foods, and Research Seeds, Inc.

Investigators will study Artimisia annua, which produces an
antimalarial compound, and Cataranthus roseus, which produces
chemotherapeutic compounds. Researchers will study the effects of
space flight on the starch, sugar, and fatty acid content of special
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strains of spinach plants. Georgia Pacific is interested in the lignin
production and reaction wood formation in loblolly pine. The nitro-
gen fixation mechanism of clover will also be studied.

Although the nine-day mission is not long enough to thoroughly
study plant growth, the sponsoring affiliates hope to establish that
new products could be developed from plants on longer missions.

Fluids Generic Bioprocessing Apparatus 2

This commercial payload will evaluate the storing, manipulat-
ing, and dispensing of two-phase fluids in microgravity. This
information is expected to have applications in ecological life sup-
port, the delivery of plant nutrients, fluid dispensing, bioreactors,
and advanced propellant and fuel cell systems. Physiological